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DISCLAIMER PAGE

Recovery plans delineate reasonable actions which are believed to be required
to recover and/or protect listed species. Plans are published by the U.S. Fish and
Wildlife Service, sometimes prepared with the assistance of recovery teams,
contractors, State agencies, and others. Objectives will be attained and any
necessary funds made available subject to budgetary and other constraints
affecting the parties involved, as well as the need to address other priorities.
Recovery plans do not necessarily represent the views, official positions, or
approval of any individuals or agencies involved in the plan formulation, other
than the U.S. Fish and Wildlife Service. They represent the official position of
the U.S. Fish and Wildlife Service only after they have been signed by the
Regional Director, Manager, or Director as approved. Approved recovery plans
are subject to modification as dictated by new findings, changes in species

statuses, and the completion of recovery tasks.

NOTICE OF COPYRIGHTED MATERIAL

Permission to use copyrighted illustrations and images in the draft version of
this recovery plan has been granted by the copyright holders. These illustrations
are not placed in the public domain by their appearance herein. They cannot be
copied or otherwise reproduced, except in their printed context within this

document, without the written consent of the copyright holder.

LITERATURE CITATION SHOULD READ AS FOLLOWS:

U.S. Fish and Wildlife Service. 1998. Recovery Plan for Serpentine Soil Species
of the San Francisco Bay Area. Portland, Oregon. 330+ pp.



GUIDE TO RECOVERY PLAN ORGANIZATION

This recovery plan provides individual species accounts for all of the 28
species covered. Recovery strategies are organized by geographic area (or
ecosystem area) whenever possible, thereby combining recovery tasks for
multiple species. Because of the length and complexity of this recovery plan. an
appendix is provided listing the common name and scientific name of all plants
and animals mentioned in the plan (Appendix A). Technical terms are defined at
their first use in the text and included in a glossary of technical terms (Appendix

B).

Additional copies may be purchased from:

Fish and Wildlife Reference Service
5430 Grosvenor Lane, Suite 110
Bethesda, Maryland 20814-2142
301-492-6403 or 1-800-582-3421
FAX: 301-564-4059

The fee for the Plan varies depending on the number of pages of the Plan.
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EXECUTIVE SUMMARY

Introduction: This recovery plan features 28 species of plants and animals
that occur exclusively or primarily on serpentine soils and serpentine grasslands in
the San Francisco Bay Area of California. The 14 federally listed species include
11 endangered plants (coyote ceanothus, fountain thistle, Metcalf Canyon
jewelflower, Pennell’s bird’s-beak, Presidio clarkia, San Mateo thornmint, San
Mateo woolly sunflower, Santa Clara valley dudleya, Tiburon jewelflower,
Tiburon paint bm§h, and white-rayed pentachaeta), two federally threatened plants
(Marin dwarf-flax, and Tiburon mariposa lily), and one federally threatened
animal (bay checkerspot butterfly). In addition, 14 species of concern are
addressed which include 6 plants: Baker’s manzanita, Crystal Springs lessingia,
most beautiful jewelflower, Mount Hamilton thistle, smooth lessingia, and
Tamalpais lessingia; and 8 animals: Edgewood blind harvestman, Edgewood
microblind harvestman, Fairmont microblind harvestman, Hom’s microblind
harvestman, Jung’s microblind harvestman, Marin blind harvestman, Opler’s
longhorn moth, and Tiburon microblind harvestman. These species occur in dry,
nutrient-poor, serpentine soil grasslands of the greater San Francisco Bay Area
and the adjacent foothills and valleys. Conversion of habitat to urban and
industrial uses has extirpated the listed species and species of concern from the
majority of their historic ranges. The remaining natural serpentine soil grasslands
communities are often disjunct, highly fragmented, and many are marginal
habitats in which these species may not persist during catastrophic events such as
fire or persistent drought. Moreover, natural communities have been altered
permanently by the introduction of aggressive, nonnative plants, which now
dominate in many of the remaining undeveloped areas.

The Endangered Species Act mandates the preparation of recovery plans for
listed species unless such a plan would not contribute to their conservation.
Recovery plans detail the actions necessary to achieve self-sustaining, wild
populations of listed species so they will no longer require protection under the
Endangered Species Act. Species of concern are not required to have recovery
plans. However, non-listed species are included in this recovery plan because a
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community-level strategy provides opportunities for pre-listing conservation of

species with needs similar to those of listed species.

Recovery Objectives: The ultimate goal of this recovery plan is to delist 6 of
the 14 endangered and threatened species, improve the security of 7 of the 14
listed species, and ensure the long-term conservation of the 14 species of concern.

An interim goal is to downlist the endangered species to threatened status.

Community-level Strategy for Recovery and Conservation: This plan
presents a community-level strategy for recovery and conservation because all of
the listed species and species of concern co-occur in the same natural community.
The likelihood of successful recovery for listed species is increased by protecting
entire communities, and by doing so, conservation of species of concemn is also
possible. The community-level strategy is determined by the available
information on biology, distribution, and population statuses of covered species:
extent, location, and quality of existing habitats; and how present and anticipated
biological and anthropological impacts will affect the covered species in the

human-dominated landscape of the San Francisco Bay Area.

The four key elements that compose this community-level recovery and

conservation strategy are described below.
1. Recovery criteria

The community-level approach facilitates species recovery and conservation
but does not negate the need to consider the requirements of each species. Thus,
individual downlisting and/or delisting criteria are presented for 13 of the 14
listed species covered in this plan to track their progress towards recovery, further
their security or conservation, and to ensure that all of their recovery and
conservation needs are addressed. Elements common to the downlisting/delisting

criteria of most listed species include:

. protection from development and incompatible uses of the habitat of

populations representing the full range of genetic and geographic variation



in the species;

. development and implementation of appropriate habitat management plans

for each species and area identified for protection; and
. achievement of self-sustaining status in specified populations.

Protection strategies for species of concern are based on the assumptions that if
populations are secure from threats, co-occur with listed species, are not
declining, and populations remain throughout the species' historical range, their

long-term conservation will be ensured.
2. Habitat protection

Considering that habitat loss is the primary cause of species endangerment in
the San Francisco Bay Area, a central component of species recovery and
conservation is to establish a network of conservation areas and reserves that
represent all of the important serpentine habitat in the San Francisco Bay Area.
Habitat protection does not necessarily require land acquisition or easement. The
most important aspect of habitat protection is that land uses maintain or enhance
species habitat values. Elements 4 through 6 of the recovery strategy address this

issue.

Another recommendation of the plan is that, whenever possible, blocks of
conservation lands should be situated so that movement of species between blocks
is facilitated. This is especially applicable and important to the bay checkerspot
butterfly “metapopulation™ which needs these lands to serve as “stepping stones”

for dispersal and recolonization events.
3. Monitoring and research programs
This recovery plan has been developed based on the best scientific information

currently available. However, many important aspects of species biology and
management have not yet been studied. Thus, continued research, in conjunction
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with adaptive management, is a crucial component of this plan. Recovery criteria

and tasks must be reevaluated for each species as research is completed.

Primary information needs for the species covered in this plan are:

. surveys to determine species distributions;

. population censusing and monitoring;

. reproductive and demographic studies;

. habitat management research;

. biosystematic and population genetics studies;

. studies of atmospheric deposition of nitrogen from air pollution onto
serpentine habitats in the San Francisco Bay Area;

. studies of pesticide effects on the bay checkerspot butterfly; and

. habitat and species restoration trials.

4. Habitat Management

In most cases, active management of the land is necessary to maintain and
enhance habitat values for the species covered in this plan. However,
management strategies have not been investigated for most species. Management
research (element #3) may take many years to complete, and few management
plans have been developed for protected areas. The only practical approach is
adaptive management, where management is applied, population responses are
monitored, the outcome is evaluated, and management is readjusted accordingly.

Implementation Participants: Although the U.S. Fish and Wildlife Service
has the statutory responsibility for implementing this recovery plan, the
participation of a variety of groups in both initial plan implementation and the
subsequent adaptive management process is essential to successful recovery.
Thus, the plan recommends the establishment of a regional, cooperative
public/private recovery plan implementation team to enlist the participation of all
stakeholder groups and interested parties. This group would develop participation
plans, coordinate education and outreach efforts, assist in developing economic

incentives for conservation and recovery, ensure that adaptive management is
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practiced, and define other recovery and management tasks as necessary.

Total Estimated Cost of Recovery: The total estimated cost of downlisting,
delisting, or improving the security of the 14 federally listed species, and
conservation of the 14 species of concern is broken down by priority of tasks.
Certain costs, such as securing and protecting specific serpentine habitat areas,
have yet to be determined.

Priority 1 tasks: $144,290,000
Those actions that must be taken to prevent extinction or prevent
the species from declining irreversibly in the foreseeable future.

Priority 2 tasks: $26,260,000
Those actions that must be taken to prevent a significant decline in
the species population or habitat quality, or some other significant
negative impact short of extinction.

Priority 3 tasks: $2,390,000
All other actions necessary to meet the recovery and conservation
objectives outlined in this recovery plan.

Date of Recovery: Because recovery is defined in relation to a climatological

cycle for most species covered in this recovery plan, the date of recovery is
anticipated for most listed species to be approximately between 15 to 30 years.
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I. INTRODUCTION

Along the west coast of North America, serpentine soils are found within
discontinuous rock outcrops in the Sierra Nevada and in the Coast Ranges from
Santa Barbara County, California to British Columbia. The State of California
holds approximately 3,000 square kilometers (1,158 square miles) of ultramafic
rocks (rocks which are extremely basic, very low in silica, and rich in
ferromagnesian minerals) (Kruckeberg 1984a). This recovery plan covers
serpentine endemic plants and animals that are restricted in the area of serpentine

soils near San Francisco Bay, California.

Within the San Francisco Bay Area, serpentine soils are known in the eight
Bay Area counties (Alameda, Contra Costa, Marin, Napa, San Francisco, San
Mateo, Santa Clara, and Sonoma) (Jennings 1977, Figure I-1). Bay Area
serpentines are derived from intrusive igneous rocks associated with fault zones in
sedimentary Franciscan formations. Serpentines that occur in the western Bay
Area counties are associated with the San Andreas Fault, while serpentines found
in the east Bay counties are found within the Hayward Fault Zone (McCarten
1987a). Serpentine outcrops can be found south of the Bay in Santa Clara County
(Figure I-2); west of the Bay in the Edgewood Nature Preserve, near Crystal
Springs Reservoir, Jasper Ridge Preserve near Stanford University in San Mateo
County, and at the Presidio in San Francisco County; east of the Bay in the
Oakland Hills, Sunol Regional Wilderness, Cedar Mountain, and Man Ridge areas
of Alameda County and at Mt. Diablo State Park in Contra Costa County; in the
north Bay Area on the Tiburon Peninsula in eastern Marin County; at Mt.
Tamalpais, Carson Ridge, and near Nicasio Reservoir in western Marin County;
and in Sonoma and Napa Counties. The geographic areas mentioned above and in
the Stepdown Narrative (Chapter IV) are depicted‘ in Figures I-3 through I-8.

A. Serpentine Environments

Serpentine soils are formed from weathered ultramafic rocks such as
serpentinite, dunite, and peridotite. Serpentine soils are inhabited by a diverse
array of plant species. Serpentine endemic plants make up 10 percent of the flora
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Figure I-1.

Distribution of serpentine in the San Francisco Bay Area of California (Alameda,
Contra Costa, Marin, San Francisco, San Mateo, Santa Clara, Sonoma, and
Stanislaus Counties) (Data from California Division of Mines and Geology).
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Detailed map of areas of serpentine geology and soils in central Santa Clara
County. Heavy lines replicate areas mapped in Figure I-1; shaded areas were
compiled by Robert Coleman, Stanford Geological Survey (Data courtesy of

Stanford University). Sources vary slightly, so any particular location should be
field-checked.
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Santa Clara County geographic locations referred to in the plan.
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within the State of California (Kruckeberg 1984a). Despite the high diversity of
plant species that are known endemics on serpentine soils, serpentine environs
support very little total plant biomass. Serpentine soils provide a harsh
environment for plant growth. Several factors contribute to the inhospitability of
serpentine soils to plant growth including: 1) a low calcium/magnesium ratio; 2)
lack of essential nutrients such as nitrogen, potassium, and phosphorous; and 3)
high concentrations of heavy metals (mineral toxicity) (Kruckeberg 19844). Each
of these factors is discussed in more detail below. These three factors and their
effects on plant growth are a phenomenon California soil scientist Hans Jenny
called the “serpentine syndrome.” The lack of substantial vegetative cover in
serpentine habitats results in increased ground level temperatures and heat and
wind stress which further exacerbates the serpentine condition (Kruckeberg
1984a).

It has been argued that the limiting factor to plant growth on serpentine soils is
the low calcium to magnesium ratio. Both elements are essential to plant growth.
However, extremely high amounts of magnesium can be toxic to plants while
calcium is essential to the development and stability of plant cell membranes and
to enzyme activation (McCarten 1987a). Soils with a calcium-magnesium ratio
greater than 2.0 are considered optimal for plant growth. Serpentine soils
typically have a very low calcium to magnesium ratio around 1.0: McCarten
(19864) found that the calcium-magnesium ratio within San Francisco Bay Area
serpentine soils ranged from 0.04 to 0.7 (i.e. the soils have extremely high
concentrations of magnesium).

A second cause of poor plant growth on serpentine soils is the lack of the
essential elements nitrogen, potassium and phosphorous. Nitrogen, potassium
and phosphorous are the three most important elements for sustaining plant
growth. These elements :re essential to the production of chlorophyll, enzymes,
amino acids, and DNA within plants (Brady 1990).

A third factor contributing to the exclusion of plants from serpentine soils is

mineral toxicity. Serpentine soils contain large concentrations of some heavy
metals that are toxic to plant life. Chromium and nickel have been cited as the
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primary heavy metals that are responsible for precluding plant growth on
serpentine soils (Kruckeberg 1984a). However, data from a number of San
Francisco Bay Area serpentine soils indicate broad variation in nickel and
chromium levels and show that heavy metals are not present in high
concentrations at all rare plant sites or in all serpentine soils (McCarten 19864,
1988; N. McCarten, in litt., 1998).

Despite the inhospitability of serpentine environments, many species are able
to grow on serpentine soils. Species dominance and composition can vary
considerebly over short distances in serpentine grasslands. One study showed that
species composition may be strongly correlated with serpentine soil factors, slope
aspect, and soil depth (McCarten 19924a). There are three generally recognized
affinities that plants have for serpentine soils; endemics, local indicators, and
indifferent or bodenvag (not restricted to a specific type of substrate) species
(Kruckeberg 1984a). Serpentine endemic plants grow exclusively on serpentine
soils. Reasons for this have not been conclusively determined; however, there is
strong evidence to suggest that competition with other common plants may be
responsible. Kruckeberg (1954) performed several tests to determine if serpentine
endemics could survive on nonserpentine soils. These tests showed that
serpentine endemic Streptanthus was able to grow on nonserpentine soils when
left to colonize the soil without competition (Kruckeberg 1954). However, when
seeds from several weedy species such as mustard (Brassica sp.), filaree (Erodium
sp.), perennial rye grass (Lolium perenne ssp. perenne), burclover (Medicago
polymorpha), and wild oats (4vena fatua) were sown with Streptanthus seeds,
Streptanthus was unable to establish itself (Kruckeberg 1954).

Local indicators are those plants that are able to grow on nonserpentine soils
but utilize serpentine soils exclusively in certain geographical locations.
Examples of local serpentine indicators include Jeffrey pine (Pinus Jeffreyi) and
incense cedar (Calocedrus decurrens) which are restricted to serpentine soils in
the north coast range but grow in a variety of habitat types within the Sierra
Nevada Mountains (Kruckeberg 19845). In addition, nonwoody species such as
Douglas’ thistle (Cirsium breweri), sulphurflower buckwheat (Eriogonum
umbellatum ssp. bahiaeforme), confusing fescue (Festuca traci), bristly
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jewelflower (Streptanthus glandulosus ssp. glandulosus), and spring deathcamas
(Zigadenus fontanus) are local serpentine indicators for the Coast Ranges but are

not restricted to serpentine habitats in other locations (Kruckeberg 19845).

Indifferent or bodenvag species refers to those plants that are able to grow on
serpentine and nonserpentine soils in the same location. Bodenvag species can be
divided into two categories; species that are genotypically preadapted for growth
on nonserpentine and serpentine substrates; and species with races that have
locally adapted to serpentine environments while their nonserpentine counterparts
are unable to grow on serpentine soils (Kruckeberg 1984a). Generally, the
harsher the serpentine environment, such as the New Idria region of the southern
Coast Range, the less likely that indifferent species will be present on serpentine
soils (Kruckeberg 1984a).

Because of the harsh serpentine environment, many plant that have been able
to establish on serpentine soils are quite rare and unique. Serpentine endemic
plants have developed many genetic adaptations to tolerate the serpentine
substratum. For example, some plant species, such as the milkwort jewelflower
(Streptanthus polygaloides), are able to concentrate nickel in inordinate amounts
(hyperaccumulate) which would be extremely toxic to most biotic life
(Kruckeberg 1984q). Other serpentine endemics cope with heavy metal toxicity
by blocking the accumulation of (excluding) these elements. Some plants,
including some that hyperaccumulate or exclude heavy metals, are able to extract
key elements such as calcium more efficiently than nonserpentine plants (Koenigs
et al. 1982).

Serpentine plant species have developed distinctive morphological adaptations.
Serpentine endemics typically exhibit xeromorphic foliage, which takes the form
of hardened, waxy leaves and stems that are blue and reddish in color with altered
pubescence. In addition, serpentine plants are more stunted or dwarfed than
nonserpentine plants while their root systems are more developed (Kruckeberg
1984a).

Serpentine environments also support a number of endemic or nearly endemic
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invertebrates. Butterflies such as Muir’s hairstreak (Mitoura nelsoni muiri) are
restricted to serpentine habitats because their caterpillars feed exclusively on
serpentine endemic plants such as Sargent cypress (Cupressus sargentir)
(Harrison and Shapiro 1988). Another example of a serpentine endemic butterfly
is the bay checkerspot butterfly (Euphydryas editha bayensis) whose primary
larval host plant is Plantago erecta, an annual native plantain that is highly
abundant on Bay Area serpentine soils. There are a number of harvestmen,
arachnids that somewhat resemble spiders, in the genera Microcina and Calicina
that are restricted to San Francisco Bay Area serpentine soils. These harvestmen
are found exclusively on the undersides of moist rocks situated in serpentine soil
grasslands. Horned larks (Eremophila alpestris), a California State species of
special concern, commonly occur and breed in serpentine grassland habitats in the
Bay Area. Both the California red-legged frog (Rana aurora draytonii), federally
listed as threatened, and the California tiger salamander (Ambystoma
californiense), a candidate for Federal listing, occur in habitats that may be near
serpentine grasslands (D. Wright, U.S. Fish and Wildlife Service, pers. observ.).

B. Species Represented

Thirteen species of plants endemic to serpentine soils of the San Francisco Bay
Area are federally listed as endangered or threatened. One federally listed
threatened invertebrate species, the bay checkerspot butterfly, utilizes serpentine
indicator host plants for oviposition (egg laying). This recovery plan also covers
six species of plants and eight invertebrates that are Federal species of concern
(See Table I-1 fora complete list of all species covered in this plan). Plant
taxonomy in this plan generally follows Hickman (1993).
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Table I-1. Serpentine recovery plan species.

9

%

Marin blind harvestman

Scientific name Common name Status ' | Recovery Priority*
Listed Plant Species
Acanthomintha obovata ssp. duttonii San Mateo thommint FE, SE . 6¢c
- Calochortus tiburonensis Tiburon mariposa lily FT, ST 14
Castilleja affinis ssp. neglecta Tiburon paintbrush FE, ST . 8c
Ceanothus ferrisiae Coyote ceanothus FE 14
Cirsium fontinale var. fontinale Fountain thistle FE, SE 3
Clarkia franciscana Presidio clarkia FE, SE 5
L Cordylanthus tenuis ssp. capillaris | Pennell’s bird’s-beak FE, SR | 2
Dudleya setchellii Santa Clara Valley dudleya FE 2c
Eriophyllum latilobum San Mateo woolly sunflower FE, SE 8
Hesperolinon congestum Marin dwarf-flax FT,ST 8¢
Pentachaeta bellidiflora White-rayed pentachaeta FE, SE . 8
Streptanthus albidus ssp. albidus Metcalf Canyon jewelflower FE [ 3c
Streptanthus niger Tiburon jewelflower FE, SE - 2c
Listed Animal Species -
Euphydryas editha ssp. bayensis Bay checkerspot butterfly FT 3c
Plant Species of Concern
Arctostaphylos bakeri ssp. bakeri Baker's manzanita SR
Cirsium fontinale var. campylon . Mt. Hamilton thistle . None
Lessingia arachnoidea Crystal Springs lessingia None
Lessingia micradenia var. glabrata | Smooth lessingia | None
Lessingia micradenia var. micradenia I Tamalpais lessingia | None
Streptanthus albidus ssp. peramoenus - Most beautiful jewelflower - None
Animal Species of Concern B
Adela oplerella 1 Opler’s longhom moth None
Calicina minor Edgewood blind harvestman None
Calicina diminua - None
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\
Scientific name Common name Status ' | Recovery Priority?
Microcina edgewoodensis Edgewood microblind None
harvestman
Microcina homi Hom’s microblind harvestman | None 1
Microcina jungi Jung’s microblind harvestman | None
Microcina tumi Fairmont microblind None W
harvestman
Microcina tiburona Tiburon microblind None
harvestman

I"Status: FE = federally endangered, FT = federally threatened, SE = State endangered, ST = State
threatened, SR = State rare
*Recovery Priority: See Appendix C for how recovery priorities are assigned for listed species.

C. Conservation Measures

Areas of serpentine habitat with permanent protection are relatively uncommon
in the San Francisco Bay Area and throughout California in general (McCarten
1997, N. McCarten, in litt. 1998). Few active conservation efforts are underway
to protect special status species in the relatively small amount of serpentine that
exists in the greater San Francisco Bay Area. Most of the active conservation
measures that are in place are in their infancy. Therefore, with the notable
exception of the Presidio, site specific special status species management is in the
formulation stage rather than the implementation stage. Specific conservation
measures for individual species are covered within the Species Accounts section
of this recovery plan. Highlighted here are the most significant serpentine
management efforts currently underway in the Bay Area.

The Presidio, which occurs on the northwestern edge of the City of San
Francisco, San Francisco County, is managed by the National Park Service. The
Presidio is inhabited by populations of Clarkia franciscana and Hesperolinon
congestum. The National Park Service has been actively managing the two
Presidio plant populations since 1994. Annual censuses of all Clarkia
franciscana populations and the single population of Hesperolinon congestum
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have been conducted since 1994. In 1995, fencing was erected to protect the
largest population of Clarkia and the remaining population of Hesperolinon. In
1995 and 1996, several invasive Monterey pine (Pinus radiata) trees that grew
adjacent to Clarkia habitat were removed. After the first year of tree removal,
Clarkia franciscana was able to colonize the area vacated by the pine trees.
Additionally, in 1995 and 1996, several Monterey cypress (Cupressus
macrocarpa) trees that grew adjacent to Hesperolinon habitat were removed. The
National Park Service is currently considering removal of invasive non-native
grasses from serpentine habitats on the Presidio to reintroduce Clarkia
franciscana. In addition, potential Hesperolinon reintroduction areas are being

considered.

Kirby Canyon, which occurs south of Metcalf Road in Santa Clara County
provides habitat for five listed species (bay checkerspot butterfly, Castilleja
affinis ssp. neglecta, Ceanothus ferrisiae, Dudleya setchellii and Streptanthus
albidus ssp. albidus) and three Federal species of concern (Cirsium fontinale var.
campylon, Lessingia micradenia var. glabrata and Streptanthus albidus ssp.
peramoenus). In 1986, Waste Management of California, Inc., and the City of
San Jose entered into a conservation agreement with the U.S. Fish and Wildlife
Service to mitigate impacts to bay checkerspot butterfly resulting from the
construction of the Kirby Canyon landfill. This agreement concentrated
construction of the landfill to lower quality bay checkerspot habitat areas. In
addition, this agreement included a 15-year lease of 108 hectares (267 acres) of
high quality bay checkerspot butterfly habitat and the establishment of a trust fund
to finance a number of measures including the restoration of impacted bay
checkerspot habitat, monitoring of bay checkerspot populations and their habitat
on the site, and possible acquisition of additional bay checkerspot butterfly
habitat. Unfortunately, the most significant portion of the agreement, the
protection of 108 hectarcs (267 acres) of high quality habitat, will expire in less

than 3 years.
Edgewood Nature Preserve is located within Redwood City, San Mateo

County. This 59- hectare (147-acre) nature preserve is inhabited by populations

of five listed taxa (Acanthomintha obovata ssp. duttonii, Cirsium fontinale var.
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fontinale, Hesperolinon congestum, Pentachaeta bellidiflora, and bay checkerspot
butterfly) and three species of concern (Lessingia arachnoidea. Edgewood blind
harvestman, and Edgewood microblind harvestman). Efforts to approve the
construction of a golf course in the park were unsuccessful in 1993, by virtue of a
resolution designating the park as a natural preserve. The main goal of the natural
preserve is to protect, preserve, and restore Edgewood’s natural resources (San
Mateo County 1997). San Mateo County adopted a master plan for the park in
1997. The master plan mandates that several general management techniques be
implemented to protect the natural resources that occur there including regulating
land use. classifying sensitive habitats, fencing sensitive buffers, education and
enforcement (San Mateo County 1997). However, specific actions related to the

management of special status species are not included.

Ring Mountain preserve was acquired by The Nature Conservancy in 1982 for
the protection of several serpentine endemic plants including the federally-listed
endangered Castilleja affinis ssp. neglecta and the federally-listed threatened
Calochortus tiburonensis and Hesperolinon congestum. Ring Mountain is also
inhabited by the Opler’s longhorn moth, and Tiburon microblind harvestman,
both invertebrate species of concern. Ring Mountain is located on the northern
end of the Tiburon Peninsula, Marin County. The Nature Conservancy has
actively monitored the three plant populations onsite since 1982. Fencing has
been erected around the preserve to deter off-road motorists (C. Bramham, pers.
comm., 1996). In 1995, The Nature Conservancy transferred the property to
Marin County Open Space District. A conservation easement was placed on
Ring Mountain by The Nature Conservancy before its transfer to Marin County
Open Space District. The conservation easement requires that the property shall
remain as a natural area in perpetuity. The Nature Conservancy transferred the
property with the understanding that Marin Open Space District would continue to
monitor special status plant populations (L. Serpa, pers. comm., 1996). As of
October 15, 1997, Marin County Open Space District has not developed a
monitoring plan for the site and is relying upon The Nature Conservancy and
California Native Plant Society to monitor special status species (C. Bramham,
pers. comm., 1996).



On June 27, 1985, the California Department of Fish and Game acquired the
Harrison Grade Ecological Reserve to protect populations of Baker's manzanita
(Arctostaphylos bakeri) and other serpentine endemic plant populations including
federally-listed endangered and state-listed rare Cordylanthus tenuis ssp.
capillaris (McCarten 19875). The reserve is located west of Santa Rosa. along
Highway 116, in Sonoma County. In 1987, a management plan was prepared for
the reserve. To protect the sensitive plant species, including the Cordylanthus
population, from chronic off-road vehicle use, the site was partially fenced in
1987 (McCarten 19875). Additional roadside fencing was constructed along the
east side of the reserve in 1994 and 1995 (T. LaBlanc, pers. comm., 1997).
Several additional management goals were proposed in the 1987 management
plan for the site, but have not been implemented as of April 1997 (T. LaBlanc.
pers. comm., 1997). These include litter removal, development of a new parking

area and enhancement of the existing trail system.
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II. SPECIES ACCOUNTS

A. San Mateo thornmint (Acanthomintha obovata ssp. duttonii =
Acanthomintha duttonii)

1. Description and Taxonomy

Taxonomy. - Acanthomintha obovata ssp. duttonii (San Mateo thornmint) was
first collected by H.A. Dutton in 1900 (Abrams 1951). In 1925, Jepson placed
what is now Acanthomintha obovata ssp. duttonii in Acanthomintha lanceolata
(Jepson 1925, Thomas 1984). Jepson (1943), however, considered the San Mateo
County plants to be a hairy, serpentine form of Acanthomintha ilicifolia. Abrams
(1951) first described the plants as a separate entity, placing the San Mateo
County plants in Acanthomintha obovata Jepson ssp. duttonii. Jokerst (1991)
elevated subspecies duttonii to full species status (Acanthomintha duttonii).

Description. - Acanthomintha obovata ssp. duttonii (Figure 11-1) is an aromatic
(strong-scented) annual herb of the mint family (Lamiaceae). The 4 to 20
centimeters (1.6 to 7.9 inches) high plants are typically unbranched, though most
populations contain some plants branched from near the base. The plants have
squarish stems and opposite leaves. The leaves are 8 to 12 millimeters (0.3 to 0.5
inch) long and are oblong to egg-shaped and may have toothed margins (Jokerst
1991, Hickman 1993). The flowers are white or sometimes tinged with lavender
and occur in tight clusters surrounded by almost round prominently spined bracts
(California Native Plant Society 1986). Bracts are small leaf- or scale-like
structures associated with an inflorescence (Hickman 1993) .

No other species with an appearance similar to Acanthomintha obovata spp.
duttonii occur within the range of San Mateo thornmint (California Native Plant
Society 1986). San Mateo thornmint (Acanthomintha obovata ssp. duttonii =
Acanthomintha duttonii) is most closely related to Acanthomintha obovata (San
Benito thornmint) and Acanthomintha ilicifolia (San Diego thornmint). It differs
from Acanthomintha obovata and other species in the genus in lacking needlelike
spines on the margins of the upper leaves, in having pink-red anthers (male
reproductive flower parts), and in its generally unbranched habit with a solitary
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Figure II-1. Hlustration of San Mateo thornmint (Acanthomintha obovata ssp. duttonii
= A. duttonii) (from Abrams 1951, with permission).
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head-like flower cluster per stem (Jokerst 1991).
2. Historical and Current Distribution

Historical Distribution. - San Mateo thornmint 1s endemic to San Mateo
County (Figure II-2). The species was never collected outside a narrow strip
approximately 10 kilometers (6 miles) long from Woodside north to Lower
Crystal Springs Reservoir (Thomas 1961, Jokerst 1991). Because collection
locations on eatly herbarium specimens are vague, the number of historic
populations is unclear (Steeck 1995). Three historical occurrences (Menlo Golf
Club, Emerald Lake, and Upper Crystal Springs Reservoir) have been extirpated
(California Natural Diversity Data Base 1996). An occurrence is defined by the
California Natural Diversity Data Base as a location separated from other
locations of the species by at least one-fourth mile; an occurrence may contain one

or more populations.

Current Distribution. - San Mateo thornmint is known from only two extant
(currently existing, not extirpated or destroyed) natural occurrences and one
introduced population (California Native Plant Society 1996, N. McCarten, pers.
comm., 1996, California Department of Fish and Game 1997a). The two natural
populations are separated by approximately 1 kilometer (0.6 mile) in Edgewood
County Park and adjacent to the park in an area called the “Triangle” (Jokerst
1991, California Natural Diversity Data Base 1996). The only remaining large
population, in Edgewood County Park, is a remnant of a more extensive
population that was damaged by motor-vehicle use. Edgewood County Park also
contains a small subpopulation about 100 meters (328 feet) downslope from the
main population (Steeck 1995). The introduced population is at Pulgas Ridge
(Pavlik and Espeland 1993, 1994, Pavlik et al. 1992).

3. Life History and Habitat
Reproduction and Demography. - San Mateo thornmint is an annual herb,

living less than 1 year and completing the entire life cycle from seed germination

to seed production in a single growing season. Flowers appear from April
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through June or July (Thomas 1961, Skinner and Pavlik 1994). Flowers on the
lower whorls (groups of flowers) typically open first with flowering proceeding
from the center of the whorl (adjacent to the stem) outward. Opening 3 to 5 hours
after sunrise, the flowers remain open for 2 to 4 days (Steeck 1995).

Acanthomintha obovata ssp. duttonii is thought to be insect-pollinated
(McCarten 19865, Pavlik and Espeland 1991, Steeck 1995) although no
specialized pollinators have been observed (D. Steeck, pers. comm., 1996).
Generalist pollinators are likely to include native bees from the families Apidae
(bumble Yees, honey bees, euglossine bees), Anthophoridae (cuckoo bees, digger
bees, carpenter bees), and Megachilidae (leafcutting bees). While flower visitors
to Acanthomintha obovata ssp. duttonii were generally sparse, bumble bees
(Bombus vosnesenskii and Bombus californicus) were the most common and
consistent pollinators observed in Steeck’s 1993-1994 study (Steeck 1995).
Bombus (bumble bees), Osmia (leafcutting bees), and Synalonia (no common
name) foraged primarily for nectar and only collected pollen that adhered to their
bodies during foraging bouts. In contrast, individuals of the genus Andrena (no
common name) actively removed pollen from the anthers of Acanthomintha
obovata ssp. duttonii (Steeck 1995).

Although Acanthomintha obovata ssp. duttonii possesses traits typical of
outcrossing plants (open, colorful, nectar-producing flowers), the species also has
traits that permit self-pollination and lead to inbreeding. These traits include: (1)
the release of pollen at the beginning of, or just prior to, flower anthesis (opening),
(2) the presence of receptive stigmas (female reproductive flower parts) at the
time of pollen release, and (3) the lack of spatial separation between the anthers
and the stigma. The hand pollination and isolation treatments of Steeck (1995)
show that Acanthomintha obovata ssp. duttonii is self-compatible (capable of self-
fertilization) and capable of autogamy (self-pollination in the absence of
pollinators). Self-compatibility and autogamy along with relatively few visits
from pollinators suggest that reproduction in Acanthomintha obovata ssp. duttonii
involves high levels of inbreeding. However, progeny produced as a result of
self-pollination did not show any evidence of inbreeding depression when seeds
were germinated and seedlings grown in artificial (growth chamber and
glasshouse) conditions. Later stages of the life cycle, when inbreeding depression
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could also be expressed, were not observed (Steeck 1995).

Pavlik and Espeland (1991, 1993, 1994) and Pavlik et al. (1992) have
monitored seed (nutlet) production. survivorship (the probability that a
representative newly born individual will survive to various ages), and population
size and area at the Edgewood Park population. The park contains several groups
of plants about 90 meters (100 yards) apart. Pavlik and Espeland conducted their
research at the one relatively stable, large group of plants (B. Pavlik, pers. comm.,
1996). They also studied germination behavior of Acanthomintha obovata ssp.
duttonii nutlets in the laboratory and the greenhouse.

Individual plants of Acanthomintha obovata ssp. duttonii can produce large
numbers of seeds (nutlets). In each year they surveyed, Pavlik and Espeland
(1991, 1993, 1994) and Pavlik et al. (1992) found a statistical relationship
between the number of nutlets produced by an individual plant and both the sum
of the stem lengths and the number of glomerules (compact flower clusters) for
that plant. This means that it might be possible to monitor nutlet production using
non-destructive measures (Pavlik and Espeland 1991). The estimated nutlet
output (number of nutlets per square meter = number of nutlets per 10.8 square
feet) at Edgewood Park ranged from approximately 10,000 nutlets per square
meter in 1990 (Pavlik ez al. 1992) to 37,000 nutlets per square meter in 1993
(Pavlik and Espeland 1993). Survival of plants (survivorship) until reproduction
was more than 50 percent in each year measured (Pavlik and Espeland 1991,
1993, 1994, Pavlik e al. 1992). Pavlik and Espeland (1994) feel that the
observed high fecundity (production of offspring) and survivorship indicate that
the potential for continued population growth exists at Edgewood Park.

Pavlik and Espeland’s (1991) work suggests that the nutlets require 6 months
of dormancy (with suspended growth, development, or other biological activity;
inactive or resting) after production to germinate. In their studies, germination in
the greenhouse on native soil was 35 percent and in the lab was 87 percent one
year and 63 percent the next. Acanthomintha obovata ssp. duttonii was the only
one of three Acanthomintha species to germinate, grow, and flower on serpentine
soil. The other two species tested were San Diego thornmint (4canthomintha
ilicifolia) and Santa Clara thommint (Acanthomintha lanceolata) (Pavlik and
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Espeland 1991). Germination tests conducted by Steeck suggest that a high
percentage of Acanthomintha obovata ssp. duttonii seeds can remain viable for at
least 2.5 years under the proper conditions (D. Steeck, in litt., 1996). However,
factors such as local climate, soil, and herbivory may profoundly influence
germination rate, seedling establishment, and survivorship in nature. For this
reason, laboratory and greenhouse studies of Acanthomintha obovata ssp. duttonii
should be supplemented by field studies (N. McCarten, in litt., 1998). The
disappearance and subsequent reappearance of two subpopulations at Edgewood
Park suggests the presence of a soil seed bank (viable dormant seeds that
accumulate in or on the soil) (B. Pavlik, pers. comm., 1996).

Variation in population area at Edgewood Park was observed from the late
1970's into the early 1980's by Suzanne Sommers (1984, 1986). The population
area was approximately 42 square meters (452 square feet) in 1990 and 1991, and
approximately 69 square meters (742 square feet) in 1992 to 1994 (Pavlik and
Espeland 1991, 1993, 1994, Pavlik et al. 1992). In 1992, the population expanded
downslope by approximately 4.4 meters (14.5 feet), perhaps due to nutlets being
carried by storm runoff to the unoccupied area. This expanded the population
area by 40 percent (Pavlik et al. 1992). The most recent estimates of total number
of reproductive individuals in the Edgewood Park population range from 9,660 in
1991 to 53,136 in 1994 (Pavlik and Espeland 1994). The population size dropped
to 20,931 in 1995 and again in 1996 (no estimate available for 1996) (B. Pavlik,
pers. comm., 1996). Pavlik feels that the Edgewood population may undergo
fairly regular cycles of growth and decline; in his opinion, these cycles do not
correlate with expected environmental cues such as temperature and precipitation
(California Department of Fish and Game 19974).

Since its discovery in the late 1980's, the Triangle population has typically
contained fewer than 100 plants (Steeck 1995), having fewer than 20 plants in
1987 (California Natural Diversity Data Base 1996), 34 plants in 1994, and 23
plants in 1995 (D. Steeck, in litt., 1996). The plants observed in 1994 and 1995
occupied an area of no more than 0.2 square meter (2.2 square feet) (Steeck 1995).
Most of the plants were small and unlikely to produce many flowers (D. Steeck, in
lin., 1996). The Triangle site may have always been composed of few individuals
(B. Pavlik, pers. comm., 1996), but soil characteristics suggest that the Triangle
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contains unoccupied, but potential habitat (California Department of Fish and
Game 1997a).

Habitat and Community Associations. - Acanthomintha obovata ssp. duttonii
is endemic to serpentine soils of chaparral and valley and foothill grassland in San
Mateo County (California Native Plant Society 1986, Skinner and Pavlik 1994).
The species occupy slopes and flats with deep, heavy-clay soil inclusions (Jokerst
1991). The specific soil habitat in which Acanthomintha obovata ssp. duttonii
occurs is apparently extremely limited (N. McCarten, in litt., 1998). The species
appear to grow on clays deposited in localized fissures that may be very deep
(over 10 meters (32.8 feet) deep at the Triangle site). The soils in the fissures
have been characterized by McCarten (in [itz., 1998) as “serpentine vertisols”, a
soil not known from California soil surveys. The deep clay soils appear to have a
low calcium/magnesium ratio (due to low levels of calcium along with high levels
of magnesium), high percent moisture (with a broad range between field capacity
and permanent wilting point), and high cation exchange capacity (McCarten
19864). More typical rocky serpentine soil surrounds the areas. The Edgewood
Park site also supports annual agoseris (4goseris heterophylla), bull clover
(Trifolium fucatum), checker mallow (Sidalcea malvaeflora), cream sacs
(Castilleja rubicunda ssp. lithospermoides), exserted owl’s-clover (Castilleja
exserta), Italian ryegrass (Lolium multiflorum), purple needlegrass (Nassella
pulchra), royal larkspur (Delphinium variegatum), trefoils (Lotus micranthus and
L. wrangelianus), white globe lily (Calochortus albus), and yellowflower tarweed
(Holocarpha virgata) (Jokerst 1991). Also, at Edgewood Park, the species may
be associated with fragrant fritillary (Fritillaria liliacea), a species of concern
(California Native Plant Society 1986). At the Triangle site, San Mateo thornmint
occurs with big squirreltail (Elymus multisetus) and in the vicinity of two federally
listed endangered plants, white-rayed pentachaeta (Pentachaeta bellidiflora) and
fountain thistle (Cirsium fontinale var. fontinale) (California Natural Diversity
Data Base 1996).

4. Reasons for Decline and Threats to Survival

The range of Acanthomintha obovata ssp. duttonii is limited by its rare and
specific habitat (N. McCarten, in lirt., 1998). Most suitable habitat has been
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destroyed by urbanization (California Native Plant Society 1986). Urbanization
extirpated two populations (California Department of Fish and Game 19974) , and
road construction may have destroyed a third (California Natural Diversity Data

Base 1996).

The extant populations are threatened by development, vehicles, and vandalism
(California Natural Diversity Data Base 1996). The Edgewood Park population is
on land owned by San Mateo County. The park has been designated a natural
preserve. San Mateo County has adopted a Master Plan for Edgewood (San
Mateo County 1997). It is possible that some disturbance could result from
changes implemented as a result of the plan, but no decisions about specific
actions have been made at this time, and San Mateo County personnel are aware
of the population. Currently, development-related threats to this population
appear to be indirect (D. Steeck, in litt., 1996). The population is approximately
45 meters (50 yards) downslope from a residential development (B. Pavlik, pers.
comm., 1996) and used to be more broadly distributed on the slope prior to the
expansion of the subdivision. Hydrologic changes have probably been caused by
upslope house and road construction (D. Steeck, in litt., 1996). Vandalism and
off-road vehicle damage have also occurred (Sommers 1986, California Natural
Diversity Data Base 1996, D. Steeck, in litt., 1996). Recreational disturbance still
occurs in the area (B. Pavlik, pers. comm., 1996), and some believe that trail
development is a threat (C. Curtis, in lirt., 1998). Acanthomintha obovata ssp.
duttonii at Edgewood County Park could also easily be eliminated were a fire to
occur in its vicinity and construction of a fire line and/or use of heavy equipment
occurred on the slope occupied by the species (D. Steeck, in lit., 1996).

The Triangle population is on land managed by the San Francisco Water
Department. At one time, the Department had fenced the site and was protecting
against the use of pesticides (California Natural Diversity Data Base 1996). As
discussed in the Species Accounts for fountain thistle (Cirsium fontinale var.
Jontinale), Marin dwarf-flax (Hesperolinon congestum), and white-rayed
pentachaeta (Pentachaeta bellidiflora), proposed trail construction on San
Francisco Water Department lands in the Triangle could threaten rare plants in the

area, including San Mateo thornmint.
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Because Acanthomintha obovata ssp. duttonii is currently limited to only one
substantial population that occupies less than 60 square meters (645 square feet)
in Edgewood County Park, the species is highly susceptible to chance events
(Menges 1991, Primack 1993, Meffe and Carroll 1994, Steeck 1995). An event
that substantially damaged the Edgewood County Park population could prove
disastrous for survival of the species as a whole (Steeck 1995).

5. Conservation Efforts

Acanthomintha obovata ssp. duttonii was listed as endangered by the State of
California in 1979 (California Department of Fish and Game 1992) and was
federally listed as endangered in 1985 (U.S. Fish and Wildlife Service 1985). The
larger of the two remaining populations occurs in Edgewood Park which San
Mateo County intends to manage as a natural preserve. The County has recently
adopted a master plan to guide future activities in the park. San Mateo County
personnel are aware of the special status plant species at Edgewood, but details of
whether and how the County will manage the species are not yet available (San
Mateo County 1997). The San Francisco Water Department has no specific
management goals for rare plants at this time (California Department of Fish and
Game 1997aq).

Research funded by the California Department of Fish and Game and the U.S.
Fish and Wildlife Service on introduction of Acanthomintha obovata Ssp. duttonii
has been conducted by Pavlik and Espeland and Pavlik e7 al. since 1990 at Pulgas
Ridge. Pulgas Ridge was chosen for three reasons: (1) it was thought to have high
quality habitat (i.e. mesic [with a moderate amount of moisture] grassland on
serpentine clay soil), (2) it has public status as land operated by the San Francisco
Water Department, and (3) it is close to, or within, the historic range of
Acanthomintha obovata ssp. duttonii (Pavlik et al. 1992).

In 1991, seeds collected from Edgewood Park in May, 1990, and June, 1991,
were sown at Pulgas Ridge in two subpopulations (one north-facing and one
south-facing). The seeds were taken from plants that represented the range of
sizes and microenvironments of plants in the natural population. This sampling
scheme was used to increase the chance of getting a representative sample of the
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genetic variation in the Edgewood population. The first year, 27 percent (315 of
1,175) of the seeds sown produced seedlings. Of these 315 seedlings. 120 plants
(10 percent of the seeds sown) survived to produce fruit. Survival to reproduction
was higher at the south-facing subpopulation (44 percent) than at the north-facing
subpopulation (29 percent) (Pavlik ef al. 1992). The introduced population
produced plants in each subsequent year (Pavlik and Espeland 1993, 1994) and
had 77 plants in 1996 (B. Pavlik, pers. comm., 1996). Since 1995, when Pavlik
and Espeland stopped adding new seeds, the population size has declined,
suggesting that the introduction effort has not been successful. However, the
population does contain some plants that are reproducing, and second-, third-, and
fourth-generation plants have been observed (California Department of Fish and
Game 1997a).

Pavlik feels that there are some critical pieces of information we lack about
Acanthomintha obovata ssp. duttonii. For example, we do not understand the soil
seed bank dynamics of the species. Pavlik suspects that there is an interaction
between the seeds (nutlets) and the soil chemistry which influences germination,
that unique environmental cues are involved in causing the seeds to germinate,
and that there is a timing mechanism that controls dormancy as well (B. Pavlik,

pers. comm., 1996).
6. Recovery Strategy

Recovery of Acanthomintha obovata ssp. duttonii must first focus on
protecting and managing the two remaining populations by working with San
Mateo County and the San Francisco Water Department to ensure the long-term
survival of the species on their lands. This should involve protection of the
populations themselves as well as a 150-meter (500-foot) buffer around each
population, where possible, to reduce external influences and allow expansion of
populations. In addition, other unoccupied habitat at the sites that might provide
space for expansion of the populations and habitat for pollinators and seed
dispersers must be protected. Management plans emphasizing Acanthomintha
obovata ssp. duttonii and other special status species in these locations must be
developed and implemented. Ideally, standardized annual monitoring of
Acanthomintha obovata ssp. duttonii populations should be incorporated into the
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plans. This would help determine demographic trends and test Pavlik’s
hypothesis that Acanthomintha obovata ssp. duttonii populations undergo regular
cycles of growth and decline (California Department of Fish and Game 1997a).
However, because it has the potential to damage plants or habitat, intensive
monitoring should be done with caution, perhaps at the end of the flowering
period and when soils have dried out (N. McCarten, in litt., 1998). The plans
should also include strategies to minimize known threats at the sites as well as to
identify new threats as they may appear. In particular, threats from recreational
activities must be eliminated and a strategy to minimize impacts to the species
during fire suppression activities (e.g. bulldozing of fire lines) must be developed.
If new threats are identified or other new information becomes available,
management plans need to be reevaluated and revised. Because the largest
remaining natural population of Acanthomintha obovata ssp. duttonii occurs at
Edgewood Natural Preserve, a public park adjacent to a housing development, any
management plan developed for Edgewood should include an educational
outreach program. First priority ought to be given to protection and management
of the two remaining natural populations, one at Edgewood Natural Preserve and
one in the Triangle. Protection of the Edgewood Natural Preserve and the
Triangle will also benefit other species covered in this plan (bay checkerspot
butterfly [Euphydryas editha bayensis], fountain thistle [Cirsium fontinale var.
Jontinale], Marin dwarf-flax [Hesperolinon congestum], white-rayed pentachaeta
[Pentachaeta bellidifloral), as well as fragrant fritillary (Fritillaria liliacea), a
species of concern. Second priority should be protection and management of the

introduced population at Pulgas Ridge.

Another high priority in recovery efforts for Acanthomintha obovata ssp.
duttonii is collection and banking of seed in Center for Plant Conservation
certified botanic gardens (Pavlik and Espeland 1991, D. Steeck, in litt., 1996).
Although some seed has already been stored (California Department of Fish and
Game 1997a), further collections are prudent to guard against extinction of the
species from chance catastrophic events and to provide potential material for
enhancement efforts in existing populations, repatriations (returns to locations
formerly occupied), and/or introductions to new sites. In the absence of genetic
data for Acanthomintha obovata ssp. duttonii, seed collection efforts should first
focus on the larger population at Edgewood Natural Preserve but should not
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neglect the smaller Triangle population. The larger population is likely to contain
higher levels of genetic variation than the smaller one, but the small population
may contain high frequencies of rare alleles if its genetic composition has been
influenced by genetic drift. Therefore, collecting from both populations increases
the likelihood that species level genetic variation will be represented in the
collections (Elam in prep). Care should be taken to ensure that seed collection
does not adversely affect the donor populations.

In addition to protection of and seed collection from the remaining populations
of Acanthomintha obovata ssp. duttonii, historic locations should be surveyed to
determine whether suitable habitat remains, the species persists at the sites, and/or
the sites may be suitable for repatriation. Suitability for repatriation would
depend upon (1) whether potential habitat exists, (2) the presence and magnitude
of threats, and (3) whether the sites can be secured and managed for the long-term
protection of the species. At least two historic sites are unlikely to contain
suitable habitat because of local urbanization (California Natural Diversity Data
Base 1996, California Department of Fish and Game 1997a). Surveys should also
include other potential serpentine habitat such as in the Crystal Springs area
(California Department of Fish and Game 1997a) to determine whether
undiscovered populations may exist. At least some of these surveys would require
the cooperation of the San Francisco Water Department because potentially
suitable habitat occurs on their land. McCarten (in litt., 1998) feels that the
specific habitat of Acanthomintha obovata ssp. duttonii can be identified if
attention is given to soils ecology and subtle variations in soil conditions. Based
on field observations of rare soil conditions, the precise location of the known
occurrence at the Triangle was identified as potential habitat for Acanthomintha
obovata ssp. duttonii before the species was found there (McCarten 19865, N.
McCarten, in litt., 1998). If new populations are discovered, they should be
protected and managed as discussed above. During these surveys, potential
introduction sites might also be identified.

Other important, but lower priority recovery activities for Acanthomintha
obovata ssp. duttonii are experimental reseeding or planting of the upslope
portions of the Edgewood population, as well as experimental burning and
weeding in plots adjacent to the population at Edgewood (California Department
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of Fish and Game 1997a). The latter experiments would address the question of
whether the populations might expand into suitable habitat that has been made
available by burning or weeding. If Acanthomintha obovata ssp. duttonii moves
into and persists in treated areas, burning or weeding might be appropriate
strategies to encourage expansion of existing populations. Any experimental
burning or weeding ought to be initially limited to a very small area (e.g., 1 square
meter [10.8 square feet]). Other research needs for Acanthomintha obovata ssp.
duttonii include investigations of soil seed bank dynamics, characterization of
what constitutes optimal habitat (Pavlik et al. 1992), estimation of genetic
structure of the populations, and pollination biology (Steeck 1995). Because of
the extremely limited habitat and vulnerability to disturbance of the species,
potential adverse effects on Acanthomintha obovata ssp. duttonii populations
should be evaluated prior to any research activities. Protection of Acanthomintha
obovata ssp. duttonii should be the first priority, and research that would
adversely affect the species should not be conducted (N. McCarten, in litt., 1998).

If five populations (including the remaining two natural populations and the
introduced population) of Acanthomintha obovata ssp. duttonii are (1) fully
protected and managed with the primary intention of preserving the populations in
perpetuity, (2) shown to be self-sustaining over a minimum of 20 years that
include the normal precipitation cycle (or longer depending on whether the data
continue to suggest large, cyclical fluctuations in population size are characteristic
of the species), (3) seed collected from both remaining natural populations is
stored at a minimum of two Center for Plant Conservation certified botanic
gardens, and (4) reliable seed germination and propagation techniques for the
species are understood, the species should be evaluated for downlisting to
threatened. Meeting this goal would require locating, restoring, and/or
successfully introducing two new populations. Because Pavlik and Espeland
(1991, 1993, 1994) and Pavlik et al. (1992) had limited success introducing a new
population of Acanthomintha obovata ssp. duttonii, and because repatriation
(restoring to the place of origin) and introduction of populations is expensive and
experimental (Falk et al. 1996), surveying historic sites and potential habitat
within the historic range to locate currently unknown populations is preferred.
Introduction of additional populations should probably not be considered for
Acanthomintha obovata ssp. duttonii until data suggest that attempts are more

I1-14



likely to be successful (N. McCarten, in litz., 1998). That introducing or creating
new populations of Acanthomintha obovata ssp. duttonii is time-intensive and
experimental is exemplified by the attempts of Pavlik and Espeland (1991, 1993,
1994) and Pavlik et al. (1992) to introduce a large, self-sustaining population of
Acanthomintha obovata ssp. duttonii. It remains to be seen whether the
introduced population will be self-sustaining now that Pavlik and Espeland have
discontinued yearly input of nutlets (California Department of Fish and Game
1997a). Until research shows otherwise, recovery should target securing
populations containing a minimum of 2,000 plants each (but preferably more).
The probability of population persistence over the long-term is expected to be
higher for larger populations because large size decreases the likelihood of
reduced viability or population extirpations due to random demographic or genetic
events (Barrett and Kohn 1991, Ellstrand and Elam 1993).

The above downlisting criteria constitute a significant improvement in the
protection, management, and population size of Acanthomintha obovata ssp.
duttonii throughout its range. Completing these actions would substantially
increase the security of the species. However, Acanthomintha obovata ssp.
duttonii should not be considered for delisting because of its location in an area
that is highly developed and because of the limited success of attempts to

introduce the species.
B. Tiburon mariposa lily (Calochortus tiburonensis)
1. Description and Taxonomy

Taxonomy. - Robert West discovered Calochortus tiburonensis (Tiburon
mariposa lily) in 1971 on Ring Mountain on the Tiburon Peninsula in Marin
County, California. Albert Hill collected the type specimen (a specimen or series
of specimens chosen when the taxon is described and considered representative of
the species, subspecies, or variety) on Ring Mountain the following year, and
published the description in 1973 (Hill 1973). A taxon (plural = taxa) is a group
that is sufficiently distinct to be considered a separate unit, for example a family,

species, subspecies, or variety.
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Description. - Calochortus tiburonensis (Figure I1-3) is a member of the lily
family (Liliaceae) with a single persistent, basal, linear-oblong leaf 30 to 60
centimeters (1 to 2 feet) long. The flowering stem, about 50 centimeters (20
inches) tall, is usually branched and bears erect flowers in two’s or three’s at the
ends of the branches. The three petals and three sepals (individual members of
the outermost whorl or set of flower parts) are light yellow-green with reddish or
purplish-brown markings. The capsule (dry fruit, generally with many seeds) is
triangular in cross-section, and about 4 centimeters (2 inches) long (Hill 1973).
The long slender hairs on the upper surface and margins of the petals and the lack
of wings on the capsule distinguish Calochortus tiburonensis from the other two
Calochortus species that are also found on the Tiburon Peninsula (Oakland star-
tulip [Calochortus umbellatus] and yellow mariposa lily [Calochortus luteus])
(Hickman 1993).

2. Historical and Current Distribution

Historical and Current Distribution. - Calochortus tiburonensis is known
only from Ring Mountain, its type locality, on the Tiburon Peninsula in southern
Marin County (Figure 1I-4). The type locality is the exact geographic location
from which the specimen(s) used to describe the taxon were collected. The Ring
Mountain population of Calochortus tiburonensis occurs on land that was owned
and managed by The Nature Conservancy between 1982 and 1995. The property
was transferred to Marin County Parks and Open Space in 1995 (California
Natural Diversity Data Base 1996).

3. Life History and Habitat

Reproduction and Demography. - Calochortus tiburonensis is a bulbous
perennial (persisting or living for several years with a period of growth each year).
Individuals are thought to live 10 years or more (P. Fiedler, pers. comm., 1996).
The basal leaf appears above ground after the onset of winter rains (Fiedler 1987).
The species flowers from May to June (California Native Plant Society 1988a).
On average, each reproductive adult bears two to three flowers, but large
individuals may produce eight flowers (Fiedler 1984 as cited in Sloop
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Figure II-3. Illustration of Tiburon mariposa lily (Calochortus
tiburonensis) (from Hill 1973, with permission).
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Figure II-4. Distribution of Tiburon mariposa lily (Calochortus tiburonensis).
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1996). Protandry (with male reproductive parts maturing before female parts)
likely limits self-pollination in the species (P. Fiedler, pers. comm., 1996)
although seed can be produced upon hand self-pollination (i.e. the species is self-
compatible). In nature, Calochortus tiburonensis appears to be primarily
outcrossing (pollen from one plant going to a flower of a different plant, L.e.
mating not involving inbreeding) and dependent upon insects for pollination. The
flowers are thought to be pollinated primarily by bumble bees (Bombus
californicus). Calochortus tiburonensis appears to be reproductively isolated
from the co-occurring Calochortus umbellatus (Oakland star-tulip) by flowering
later and by having different pollinators. Calochortus umbellatus flowers during
March and April and is thought to be pollinated by sweat bees (Halictidae) (Sloop
1996).

Often individuals of Calochortus tiburonenesis do not reproduce until they are
5 years old (P. Fiedler, pers. comm., 1996) . During the hot, dry portion of the
year, the bulbs are dormant, forming a “bulb bank” that persists from year to year.
Seeds germinate at the onset of the rainy season. Seed loss may be the major
stage of mortality in the life cycle (Fiedler 1987); there is no evidence of a
dormant soil seed bank (P. Fiedler, pers. comm., 1996) .

The most detailed study of the reproduction and demography of Calochortus
tiburonensis was conducted by Fiedler (1987) over three growing seasons between
1981 and 1984. The percentage of plants beginning reproduction varied from 36
to 64 percent, but the percentage of plants successfully reproducing (producing
flowers and fruits and shedding seeds) ranged from 0 to 11 percent over the three
growing seasons. The number of seeds per capsule averaged approximately 40
and ranged from 6 to 99. Calochortus tiburonensis appeared to have low seed
survival and seedling establishment, low adult mortality, and slow growth (Fiedler
1987). Vegetative reproduction, through production of bulblets, occurs in the
greenhouse but probably not in nature (P. Fiedler, pers. comm., 1996).

Calochortus tiburonensis is an example of a rare species that is restricted in
distribution but relatively abundant where it does occur (Fiedler 1995). The single
population of Calochortus tiburonensis is distributed in three major colonies
(California Natural Diversity Data Base 1996) separated by 0.2 to 0.4 kilometer
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(0.125 to 0.25 mile) (P. Fiedler, pers. comm., 1996). The number of individual
plants observed has ranged from the hundreds in 1986 (California Natural
Diversity Data Base 1996) to an estimated 40,000 individuals in 1991 (Larry
Serpa, pers. comm., 1992). The number of flowering plants counted was 5,783 in
1989, 3,443 in 1990, and 19,875 in 1991 (California Natural Diversity Data Base
1996).

Habitat and Community Associations. - Calochortus tiburonensis grows on
rocky serpentine slopes and serpentine derived soils (Hill 1973) at an elevation of
approximately 140 meters (460 feet) (California Natural Diversity Data Base
1996). The colonies are in open areas (Hill 1973) in a serpentine bunchgrass
community (Fiedler and Leidy 1987) associated with serpentine reedgrass
(Calamagrostis ophitidus), Tiburon buckwheat (Eriogonum caninum =
Eriogonum luteolum var. caninum), Tiburon paintbrush (Castilleja affinis ssp.
neglecta) (California Natural Diversity Data Base 1996), and Marin dwarf-flax
(Hesperolinon congestum) (California Native Plant Society 1988a).

4. Reasons for Decline and Threats to Survival

The single known occurrence of Calochortus tiburonensis is mostly, if not
wholly, within the Ring Mountain Preserve that is part of Marin County Open
Space (California Department of Fish and Game 19975). The species is
threatened, by virtue of its occurrence in a single population, with chance events
such as fire, severe drought, pest or disease outbreak, or other natural or human-
caused disasters (Menges 1991, Primack 1993, Meffe and Carroll 1994). The
species is also vulnerable due to its proximity to human population centers and
intensive development activities. The proximity of the plant to a large human
population, along with high visitor use and minimal supervision, increases the
likelihood that human-caused disasters, acts of vandalism, and recreational use
will affect the plants or their habitat. Unrestricted collecting for scientific or
horticultural purposes or excessive visits by individuals interested in seeing rare
plants may also be a concern because Calochortus tiburonensis is a strikingly
unusual member of this much-collected genus (U.S. Fish and Wildlife Service
1995, R. Bittman, in litt., 1998). Non-native invasive plants may be an additional
threat. Reportedly, Harding grass (Phalaris aquatica) and fennel (Foeniculum
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vulgare) are increasing in numbers on the lower slopes of Ring Mountain (D.
Smith, in litt., 1998).

5. Conservation Efforts

Calochortus tiburonensis was listed endangered by the State of California in
1978. As a result of protection efforts by The Nature Conservancy at Ring
Mountain (see below), the species was downlisted to threatened by the State in
1987 (California Department of Fish and Game 1992). The species was federally
listed as threatened in 1995 (U.S. Fish and Wildlife Service 1995).

Between 1982 and 1995, Calochortus tiburonensis was protected from
development because the land on which it occurs was owned and managed by The
Nature Conservancy, a group whose management goals are the maintenance of
biodiversity and the protection of rare and endangered species (L. Serpa, pers.
comm., 1992). In 1988, The Nature Conservancy developed and implemented an
annual monitoring plan to provide data on reproductive success and herbivore
damage for Calochortus tiburonensis. Data on total population size and the
percentage of the population that is reproducing were to be collected every 5 years
(California Native Plant Society 1988a). However, no recent monitoring has been
done. The Ring Mountain property was transferred from The Nature Conservancy
to Marin County Parks and Open Space in 1995. The Nature Conservancy |
retained a conservation easement on the property and expects that Marin County
will continue monitoring the rare species on the preserve (L. Serpa, pers. comm.,
1996). The Nature Conservancy provided Marin County Open Space District with
detailed management principles and guidelines (California Department of Fish
and Game 1997b). At this point, the County has not developed a monitoring plan
and 1s depending on volunteers from The Nature Conservancy and California
Native Plant Society for monitoring (C. Bramham, pers. comm., 1996). The
preserve is fenced to reduce the incidence of four-wheel drive vehicle and
motorcycle use, but is still accessible to bicycles, equestrians, and hikers (C.
Bramham, pers. comm., 1997).
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6. Recovery Strategy

Calochortus tiburonensis should not be considered for delisting. However,
certain measures should be taken to ensure its survival. Because the species is
known only from Ring Mountain, protection and management of the species at
Ring Mountain is of highest priority. This protection will involve working with
the Marin County Open Space District to ensure the long-term survival of the
species by protecting each subpopulation, as well as a 150-meter (500-foot) buffer
around each subpopulation, where possible, to reduce external influences and
allow expansion of subpopulations. If plants (or additional populations) are
discovered on private lands that are not part of the Ring Mountain Preserve, they
should be secured through land acquisition, conservation easements, or other
means. In addition, unoccupied habitat that might provide space for expansion of
the populations and habitat for pollinators and seed dispersers must be protected.
A management plan emphasizing Calochortus tiburonensis and other special
status species at Ring Mountain must be developed and implemented. The plan
ought to include provisions for standardized monitoring of each Calochortus
tiburonensis subpopulation every 3 years. Because the species is a perennial,
monitoring should include both flowering and vegetative individuals. The
management plan should also include strategies to minimize known threats as
well as to identify new threats as they may appear. Potential threats include
invasion by non-natives, grazing by deer, and trash dumping. If new threats are
identified or other new information becomes available, management plans need to
be reevaluated and revised. Because the largest remaining natural population of
Calochortus tiburonensis occurs on public land adjacent to human population
centers, any management plan developed for Ring Mountain should include an
educational outreach program. Protection of serpentine habitat at Ring Mountain
Preserve may also benefit Tiburon paintbrush (Castilleja affinis ssp. neglecta) and
Marin dwarf-flax (Hesperolinon congestum).

Another high priority in conservation efforts for Calochortus tiburonensis is
collection and banking of seed in Center for Plant Conservation certified botanic
gardens. Such collections guard against extinction of the species from chance
catastrophic events and provide potential material for enhancement efforts in

existing populations and/or introductions to new sites. In the case of a species
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such as Calochortus tiburonensis that has never been known from other locations,
introduction to new sites would generally be discouraged. Care should be taken to
ensure that seed collection does not adversely affect the population. The best
strategy would be to collect on a very small scale (less than 5 percent of the seed

crop) and/or only in years with exceptional seed production.

Of lower priority in conservation efforts for Calochortus tiburonensis is
research into appropriate management strategies. For example, research into
whether management techniques such as grazing, mowing, or burning may
increase recruitment by removing thatch or otherwise stimulating reproduction
would be valuable as would further research on demography to identify limiting
life history stages, pollination, and habitat requirements of the species. Sloop (as
cited in California Department of Fish and Game 1997b) feels that Calochortus
tiburonensis is highly dependent on bumble bees (Bombus californicus) for
pollination. Further research to test this hypothesis would elucidate whether
managers ought to consider threats to the bees to be threats to Calochortus
tiburonensis as well. Development of germination and propagation techniques for

Calochortus tiburonensis is also necessary.

Because it occurs only at Ring Mountain, Calochortus tiburonensis should not
be considered for delisting. Its status could be reevaluated in the unlikely event
that several new populations are discovered at locations other than Ring

Mountain.
C. Tiburon paintbrush (Castilleja affinis ssp. neglecta)
1. Description and Taxonomy

Taxonomy. - The type specimen (a specimen that is chosen when the taxon is
described and is considered typical of the species) of Castilleja affinis ssp.
neglecta (Tiburon paintbrush) was collected by Katherine Brandegee (Jepson
1925). The plant was described as Castilleja neglecta by Zeile in 1925 in Willis
Jepson's Manual of the Flowering Plants of California. Chuang and Heckard
reduced the species to subspecific status, treating the taxon as Castilleja affinis
ssp. neglecta in The Jepson Manual (Hickman 1993).
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Description. - Castilleja affinis ssp. neglecta (Figure I1- 5) is a semi-woody
perennial of the snapdragon family (Scrophulariaceae), with erect, branched stems
30 to 60 centimeters (1 to 2 feet) tall and a sparse covering of soft, spreading hairs
(Munz and Keck 1959). The lance-shaped leaves are 20 to 40 millimeters (0.8 to
1.6 inches) long and have 0 to 5 lobes (Hickman 1993). The conspicuous floral
bracts are yellowish and sometimes red-tipped; the flowers are yellow to red and
18 to 20 millimeters (0.7 to 0.8 inch) long. The simple (unbranched) hairs and the
lack of glands below the inflorescence (entire cluster of flowers and associated
structures) distinguish Castilleja affinis spp. neglecta from other species of
Castilleja on the Tiburon Peninsula (Castilleja latifolia var. rubra [Monterey
Coast paintbrush] and Castilleja foliolosa [Texas paintbrush ]) (Munz and Keck
1959, Howell 1970).

2. Historical and Current Distribution

Historical and Current Distribution. - Castilleja affinis ssp. neglecta has
never been widespread. Three of the seven populations occur on the Tiburon
Peninsula in Marin County, one occurs in Napa County, and one in Santa Clara
County (Figure 11-6). Recently discovered populations on Golden Gate National
Recreation Area and east of Anderson Lake extend the known range to western
Marin and Santa Clara Counties, respectively. Castilleja affinis ssp. neglecta is
known from five populations in Marin County, three of which occur on the
Tiburon Peninsula, from one population in American Canyon in Napa County,
and from one population in Santa Clara County (California Natural Diversity Data
Base 1996). The range of this plant is approximately 50 kilometers (30 miles)
from east to west, and 112 kilometers (70 miles) from north to south (U.S. Fish
and Wildlife Service 1995).

3. Life History and Habitat

Reproduction and Demography. - Castilleja affinis ssp. neglecta is a
perennial, flowering from April to June (Munz and Keck 1959). Lawrence
Heckard (in litt., 1989) postulated that the yellow flowers were largely bee-
pollinated. Seeds are shed in June and July, and the species dies back to its
woody base in July and August. New growth from the woody base begins in
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Figure II-5. Illustration of Tiburon paintbrush (Castilleja affinis
ssp. neglecta) (from Abrams 1951, with permission).
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Figure II-6. Distribution of Tiburon paintbrush (Castilleja affinis ssp. neglecta).
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December or January. Seeds may remain dormant in the soil for several years.
Seed germination occurs in January or February and seems to be induced by
leaching and low temperatures (5 to 15 degrees Celsius or 45 to 59 degrees
Fahrenheit) (Martin 1989).

Martin (1989) observed that 84 percent of the plants she surveyed had three or
fewer inflorescences. The mean number of inflorescences per plant was 2.3, the
mean number of capsules per inflorescence was 8.8, and the mean number of
seeds per capsule was 82.3. Based on these figures, seed production for 1 year
was calculated to be 1,666 seeds per plant (Martin 1989). However, Martin
(1989) observed no seedlings in the field during her 2 year study. In the
laboratory, Castilleja affinis ssp. neglecta seedlings survived over a wide range of
calcium/magnesium ratios (Martin 1989). However, factors such as local climate,
soil, and herbivory may profoundly influence germination rate, seedling
establishment, and survivorship in nature (N. McCarten, in litt., 1998).

Castilleja affinis ssp. neglecta is a root parasite on other angiosperm
(flowering plant) species. The primary advantage of the parasitic attachment in
Castilleja and related plants in the figwort family is reportedly an increased water
and mineral supply. Though the parasitic relationship is not obligate
(hemiparasitic), benefits to species of Castilleja from the parasitic habit are
manifested in increased vigor with more branching, greater height, and earlier
flowering (Heckard 1962). Heckard (1962) showed that a host plant is beneficial
to Castilleja affinis spp. neglecta and increases the species’ chance for survival.
Experiments (Heckard 1962) and field data (Martin 1989) suggest that Castilleja
affinis ssp. neglecta species may utilize a variety of host species.

Population sizes are small, ranging from less than 20 plants at the Santa Clara
County site (California Natural Diversity Data Base 1996) to approximately 600
plants at Ring Mountain Preserve on the Tiburon Peninsula (Hunter 1989a).

Habitat and Community Associations. - Castilleja affinis ssp. neglecta occurs
in serpentine bunchgrass communities (Fiedler and Leidy 1987, California Natural
Diversity Data Base 1996) at elevations between about 75 and 400 meters (250
and 1,300 feet) (California Natural Diversity Data Base 1996).
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Calcium/magnesium ratios of the serpentine soils where Castilleja affinis spp.
neglecta occurs are apparently typical of serpentine soils in general. In one study,
ratios at the American Canyon site were higher (0.413) than those at the sampled
Tiburon sites (0.1 to 0.255) (Martin 1989, K.F. Martin, in lite., 1998). Castilleja
affinis spp. neglecta occurs in close proximity to Santa Clara Valley dudleya
(Dudleya setchellii) in Santa Clara County (N. McCarten, in litt., 1998). Other
associated rare species include Marin dwarf-flax (Hesperolinon congestum),
serpentine reedgrass (Calamagrostis ophitidis), Tiburon buckwheat (Eriogonum
luteolum var. caninum), and Tiburon jewelflower (Streptanthus niger). Other
native plants occurring at sites with Castilleja affinis ssp. neglecta include
California gilia (Gilia achilleifolia ssp. multicaulis), California melic (Melica
californica), California poppy (Eschscholzia californica), dwarf plantain
(Plantago erecta), foothill needlegrass (Nassella lepida), hayfield tarweed
(Hemizonia congesta ssp. congesta), longhorn plectritis (Plectritis macrocera),
purple needlegrass (Nassella pulchra), purple sanicle (Sanicula bipinnatifida),
royal larkspur (Delphinium variegatum ssp. variegatum), slender fairyfan (Clarkia
gracilis), stickywilly (Galium aparine), and Torrey’s melicgrass (Melica
torreyana). Associated introduced species include Italian ryegrass (Lolium
multiflorum), slender wild oat (Avena barbata), and soft brome (Bromus
hordeaceus) (California Native Plant Society 1989, Hunter 19894, Corelli and
Chandik 1995, California Natural Diversity Data Base 1996).

4. Reasons for Decline and Threats to Survival

Populations of Castilleja affinis ssp. neglecta occur on public and private land
in Marin County, and exclusively on private land in Napa and Santa Clara
Counties. The Marin County populations are threatened by residential
development, foot traffic, grazing, and soil slumping (Hunter 1989a, U.S. Fish
and Wildlife Service 1995, California Natural Diversity Data Base 1996). Each of
the three occurrences on the Tiburon Peninsula has multiple landowners. Marin
Open Space District owns over half of the Ring Mountain occurrence formerly
owned by The Nature Conservancy (Hunter 19894, L. Serpa, pers. comm., 1996)
and the town of Tiburon owns portions of the occurrence in the Middle Ridge area
of the peninsula. The remainder of each of these occurrences is privately-owned.
The third occurrence on the peninsula is in the vicinity of St. Hilary's Church in
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Tiburon (California Natural Diversity Data Base 1996).

Development on the Tiburon Peninsula has been extensive and rapid; over 60
percent of Castilleja affinis ssp. neglecta habitat has already been destroyed by
development (Hunter 1989a). Residential development, apparently observed as
early as 1983 by Eva Buxton, is ongoing in the vicinity of the Middle Ridge
occurrence (A. Allen, pers. comm., 1997, D. Smith, pers. comm., 1997, E.
Buxton, in litt., 1998). A portion of the Middle Ridge occurrence was extirpated
by development approximately 8 years ago (E. Buxton, in litt., 1998). The Town
of Tiburon is currently considering a proposed development (Easton Point) that
could impact the species as well as Hesperolinon congestum (see below) in the
vicinity of St. Hilary’s Church (B. Olson, in litt., 1996, D. Watrous, pers. comm.,
1997, D. Smith, pers. comm., 1997). A second proposed development in the same
area was denied by the Town of Tiburon (Marinero Estates) (B. Olson, pers.
comm., 1996). The area that would have been involved in this second
development (Harroman/Marinero Estates) is proposed to be set aside as open
space. A ballot measure to secure the funding for the purchase of the property
passed in June, 1997; the purchase took place in the fall of 1997 (D. Watrous,
pers. comm., 1997). The southernmost occurrence of Castilleja affinis spp.
neglecta on the Tiburon Peninsula, in the vicinity of St. Hilary’s Church, is
probably located within this proposed open space (D. Smith, pers. comm., 1997).
The habitat in the area is also threatened by pedestrian traffic (U.S. Fish and
Wildlife Service 1995) and by invasion of non-natives such as pampas grass,
broom, and blackberry (California Department of Fish and Game 19975). A
subpopulation on Middle Ridge is also threatened by invasion of pampas grass (E.
Buxton, in litt., 1998). The plants on Ring Mountain Preserve are protected from
development but are threatened by sliding of the slope on which they occur. The
toe of the slope was removed to accommodate residential development in the
1960's. Soil material that slides into the street at the base of the slope is removed
by the City of Corte Madera, and the slope continues to slump. Managers from
The Nature Conservancy estimate that approximately one-third of the population
is at risk (L. Lozier, pers. comm., 1992, L. Serpa, pers. comm., 1996). The
western Marin populations of Castilleja affinis spp. neglecta at Golden Gate
National Recreation Area are located in areas that are being grazed by cattle; the
impact of the grazing needs to be determined (Martin 1991, L. Nelson, in litt.,
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1996, California Department of Fish and Game 19975).

The Napa County population is threatened by gravel mining and grazing. The
Napa County population occurs on private property near a gravel quarry
(California Natural Diversity Data Base 1996). The property is used by Syar
Industries for the mining of road base materials. The long term effect of ambient
dust from mining has the potential to alter soil chemistry and photosynthesis (Jake
Ruygt, in litt., 1996). Although quarry expansion plans that would result in the
destruction of more than 80 percent of the population are no longer actively being
pursued, the potential for expansion still exists (U.S. Fish and Wildlife Service
1995). Cattle grazing also has been reported to threaten a portion of the American
Canyon occurrence (Hunter 1989a). Another source suggests, however, that cattle
provide little threat to the American Canyon population because the plants occur
on a very steep slope (J. Ruygt, pers. comm., 1992). The Santa Clara County
population consists of 13 plants that may also be subject to grazing (R. Bittman,
pers. comm., 1993).

5. Conservation Efforts

Castilleja affinis ssp. neglecta was listed as threatened by the State of
California in 1990 (California Department of Fish and Game 1992) and was
federally listed as endangered in 1995 (U.S. Fish and Wildlife Service 1995).
Between 1982 and 1995, over half of the Ring Mountain occurrence of Castilleja
affinis spp. neglecta was protected from development because the land on which it
occurs was owned and managed by The Nature Conservancy, a group whose
management goals are the maintenance of biodiversity and the protection of rare
and endangered species. The Ring Mountain property was transferred to Marin
County Parks and Open Space in 1995. The Nature Conservancy retained a
conservation easement on the property and expects that Marin County will
continue monitoring the rare species on the preserve (L. Serpa, pers. comm.,
1996). At this point, the County has not developed a monitoring plan and is
depending on volunteers from The Nature Conservancy and California Native
Plant Society for monitoring (C. Bramham, pers. comm., 1996). The preserve is
fenced to reduce the incidence of four-wheel drive vehicle and motorcycle use,
but is still accessible to bicycles, equestrians, and hikers (C. Bramham, pers.
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comm., 1997). In addition, two occurrences of Castilleja affinis spp. neglecta are
on Golden Gate National Recreation Area land that is managed by Point Reyes
National Seashore. The effect of cattle grazing on these populations is unknown,
but at least one population is monitored by the California Native Plant Society (L.
Nelson, in litt., 1996). The Santa Clara County population of Castilleja affinis
spp. neglecta is on a reserve for bay checkerspot butterfly conservation (N.
McCarten, in litt., 1998). The reserve is a 107-hectare (267-acre) area set aside
until the year 2000 as mitigation for the development of the Kirby Canyon
Landfill (Murphy 1988, Thomas Reid Associates and Murphy 1992).

6. Recovery Strategy

Recovery of Castilleja affinis ssp. neglecta must first focus on protecting and
managing the known populations. Protection and management of populations on
public lands will involve working with Marin Open Space District, the town of
Tiburon, and the Golden Gate National Recreation Area to ensure the long-term
survival of the species on their lands. The populations, or portions of populations,
occurring on private lands should be protected by land acquisition, conservation
easements, or other mechanisms. Among populations on private land, protection
of the only known population in Santa Clara County is a particularly high priority
because it is geographically disjunct from other populations. In general, the
largest possible block of serpentine habitat should be protected at each site.
Protection should, at least, involve securing the populations themselves as well as
a 150-meter (500-foot) buffer around each population, where possible, to reduce
external influences and allow expansion of populations. In addition, other
unoccupied habitat at the sites that might provide space for expansion of the
populations and habitat for pollinators and seed dispersers must be protected.
Management plans emphasizing Castilleja affinis ssp. neglecta and other special
status species in each location must be developed and implemented. The plans
should include provisions for standardized monitoring of Castilleja affinis ssp.
neglecta populations every other year to determine demographic trends. The
plans should also include strategies to minimize known threats (e.g. foot traffic) at
the sites as well as to identify new threats should they appear. Removal of non-
natives should be a high priority for management of sites on the Tiburon

Peninsula such as those on Middle Ridge and in Marin County Open Space near
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Old St. Hilary’s Church. In addition, soil slumping at the Ring Mountain Preserve
needs to be minimized. If new threats are identified or other new information
becomes available, management plaﬁs need to be reevaluated and revised. For
populations on public lands, any management plan developed should include an

educational outreach program.

Another high priority in recovery efforts for Castilleja affinis ssp. neglecta is
collection and banking of seed in Center for Plant Conservation certified botanic
gardens. Seed banking guards against extinction of populations from chance
catastrophic events and provides potential material for enhancement efforts in
existing populations, repatriations, and/or introductions to new sites. In the
absence of genetic data for Castilleja affinis ssp. neglecta, seed collection efforts
should represent populations throughout the range of the species, including the
Santa Clara County population that is at least 100 kilometers (62 miles) south of
the other known populations (Elam in prep). Care should be taken to ensure that
seed collection does not adversely affect the donor populations.

In addition to protection of, and seed collection from, the known populations
of Castilleja affinis ssp. neglecta, other potential serpentine habitat throughout the
range of the species should be surveyed to determine if other populations exist.
Santa Clara County, in particular, contains habitat that should be surveyed (e.g. to
the south of the known occurrence and in Henry Coe State Park east of Anderson
Reservoir) (California Department of Fish and Game 1997a). If new populations
are discovered, they should be protected and managed as discussed above. During
these surveys, potential introduction sites might also be identified.

Certain types of research are also high priority recovery activities for Castilleja
affinis ssp. neglecta. In particular, because (1) Castilleja affinis ssp. neglecta
occurs approximately 100 to 250 meters (328 to 820 feet) from relatively good
quality bay checkerspot butterfly habitat (N. McCarten, in litt., 1998) in Santa
Clara County, and (2) bay checkerspot butterfly habitat benefits from vegetation
management, the effect of various vegetation management techniques (e.g.
grazing, mowing, and burning) on Castilleja affinis ssp. neglecta needs to be
evaluated. Although cattle and deer grazing of Castilleja affinis ssp. neglecta has
not been observed (N. McCarten, in litt., 1998), evaluation of these techniques
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will ensure that managers select management strategies that maintain bay
checkerspot butterfly habitat while not adversely affecting Castilleja affinis ssp.
neglecta. Research on the effects of grazing are also important in recovery efforts
for Castilleja affinis ssp. neglecta because grazing is a concern at the Golden Gate
National Recreation Area in Marin County. In addition, because other Castilleja
species appear to benefit from fire (R. Raiche, cited in California Department of
Fish and Game 19975h, small scale experimental burning (e.g. using burn boxes)
may reveal another possible management strategy. Any experimental burning
should initially be limited to a very small area (e.g. 1 square meter [10.8 square
feet]). Other research needs include germination and propagation techniques,
taxonomic, demographic, and genetic studies as well as mating system and
pollination studies. Demographic studies should include field studies of
Castilleja affinis ssp. neglecta’s hemiparasitic nature, the frequency of seed
germination and seedling recruitment in nature, and identification of limiting life
history stages. Martin (1989) observed no seedlings in the field during a 2-year
study. Genetic studies should focus on whether, and to what extent, populations
throughout the range of the species are genetically different from one another.
These genetic data would be valuable guides as to which populations should be
chosen as sources for enhancement of existing populations or introduction of new

populations.

When six populations of Castilleja affinis ssp. neglecta are (1) fully protected
and managed with the primary intention of preserving the populations in
perpetuity, (2) shown to be stable or increasing with evidence of recruitment over
a minimum of 20 years that include the normal precipitation cycle (or longer if
suggested by the results of demographic monitoring), (3) seed collected from
natural populations throughout the range of the species is stored at a minimum of
two Center for Plant Conservation certified botanic gardens, and (4) reliable seed
germination and propagation techniques for the species are understood, the
species should be evaluated for downlisting to threatened. Until research shows
otherwise, recovery should target securing populations containing a minimum of
2,000 plants each (but preferably more). The probability of population persistence
over the long-term is expected to be higher for larger populations because large
size decreases the likelihood of reduced viability or population extirpations due to

random demographic or genetic events (Barrett and Kohn 1991, Ellstrand and
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Elam 1993).

Castilleja affinis ssp. neglecta should not be considered for delisting unless 10
populations throughout its range are shown to meet the criteria above. At least 2
of the 10 should occur in Santa Clara County. Meeting this goal would require
locating, restoring, and/or successfully introducing four new populations.
Because repatriation and introduction of populations is expensive and
experimental (Falk et al. 1996), surveying potential habitat within the range to
locate currently unknown populations is the preferred strategy.

D. Coyote ceanothus (Ceanothus ferrisiae)
1. Description and Taxonomy

Taxonomy. - LeRoy Abrams, professor of botany at Stanford University,
collected Ceanothus ferrisiae (coyote ceanothus) in 1917 on Madrone Springs
Road above Coyote Creek, in Santa Clara County. Howard E. McMinn, professor
of botany at Mills College and author of An [llustrated Manual of California
Shrubs, described the species in 1933 (McMinn 1933).

Description. - Ceanothus ferrisiae (Figure II-7) is an erect evergreen shrub of
the buckthorn family (Rhamnaceae) that grows 1 to 2 meters (3 to 6 feet) high,
with long stiff divergent branches. Its round leaves are dark green and hairless on
the upper surface, and lighter green with minute hairs below. The leaf margins
have short teeth or sometimes no teeth at all; the leaf base is abruptly tapering or
rounded. The small white flowers are borne in clusters 1.3 to 2.5 centimeters (0.5
to 1.0 inch) long (McMinn 1933). The seed capsules are 7 to 9 millimeters (0.3 to
0.35 inch) in width and have three conspicuous apical horns (protuberances
situated at the tip). The related Ceanothus cuneatus (buck brush) has entire leaves
with wedge-shaped (not rounded) bases and seed capsules only 5 to 6 millimeters
(0.2 inch) wide (Munz and Keck 1959).
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Figure II-7. [Illustration of coyote ceanothus (Ceanothus ferrisiae) (from

Abrams 1951, with permission).
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2. Historical and Current Distribution

Historical and Current Distribution. - Ceanothus ferrisiae is known from
only three locations: Anderson Dam, Kirby Canyon, and Llagas Avenue north of
Morgan Hill (Figure 11-8). All the locations are within 6 kilometers (4 miles) of
each other in Santa Clara County. The Anderson Dam location includes two of
the occurrences in the California Natural Diversity Data Base (1996), Kirby
Canyon is one occurrence, and Llagas Avenue north of Morgan Hill is one
occurrence. The Anderson Dam occurrences may have been continuous before
the dam was built (California Department of Fish and Game 1997a). Ceanothus
ferrisiae has not been observed in Croy Canyon in Santa Clara County, a fifth
occurrence in California Natural Diversity Data Base records, since 1929, and the
location is possibly erroneous (California Natural Diversity Data Base 1996,
California Department of Fish and Game 1997a). The species was also thought to
occur in San Mateo and Santa Cruz Counties, but these reports are thought to be
erroneous (Corelli 1991, C. Schmidt, in litt., 1998).

3. Life History and Habitat

Reproduction and Demography. - Ceanothus ferrisiae is perennial, flowering

- from January to March (Munz and Keck 1959). Fewer than 6,000 plants are
known to exist (U.S. Fish and Wildlife Service 1995). Prior to 1993, Kathy Freas
(in litt., 1993) monitored the three populations of Ceanothus ferrisiae. She found
no evidence of seedling recruitment and observed that all of the populations were
composed of mature and senescent individuals (large plants with many dead
branches). Freas (in litt., 1993) also conducted germination trials using various
heat and disturbance treatments. Her results suggested that Ceanothus ferrisiae
seeds do not require fire for germination. If the seeds do not require fire for
germination, the lack of recruitment in natural populations may be due to seed or
seedling mortality (Center for Conservation Biology 1990, K. Freas, in litt., 1993).
Possible sources of mortality include seed predation, grazing/browsing, lack of
sufficient precipitation to maintain young plants through the dry summer
following germination, or some combination of these (K. Freas, in litt., 1993).
Despite the results of the germination trials, the only seedlings observed in nature
were following a fire in Kirby Canyon (K. Freas, pers. comm., 1996).
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Figure II-8.

Distribution of coyote ceanothus (Ceanothus ferrisiae). Each symbol represents
one occurrence in California Natural Diversity Data Base records except where

more than one symbol is enclosed in a polygon; in this case, all the symbols in the
polygon together represent a single occurrence.
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Another Ceanothus expert, Clifford Schmidt, feels that maintenance of a
healthy population of Ceanothus ferrisiae that includes young shrubs requires
some prescription burning. He notes that when he frequented the Anderson Dam
site in the late 1980's, there was little or no evidence that the species was
reproducing at the site (C. Schmidt, in /itz., 1996, 1998). Few young shrubs were
present along with the many mature shrubs. The mature shrubs were “annually
loaded” with fruits, but reproduction was “virtually nil” (C. Schmidt, in /itt.,
1996). Schmidt (in lirt., 1998) believes that regeneration is necessary because the
plants are rather short-lived.

The Ceanothus ferrisiae population in Kirby Canyon, the smallest of the three
populations, burned during the summer of 1992. Approximately 5 percent of the
several hundred individuals survived the fire. All of the surviving individuals
were damaged by the fire and supported only one to several live branches at the
time of a census in December, 1992. Although flower buds were present and
apparently in good condition, potential seed production in the population was
severely reduced. Despite sufficient precipitation for germination, no seedlings
were observed in 1992 (K. Freas, in litt., 1993). However, the following spring
approximately 2,000 seedlings were observed (K. Freas, pers. comm., 1993,
1996). These seedlings were fenced to protect them from grazing until the plants
were established (K. Freas, pers. comm., 1993). In addition, because the fence did
not prevent deer and rabbit grazing, 100 plants were individually caged. One year
later survivorship of the caged seedlings was good (K. Freas, pers. comm., 1996).

Habitat and Community Associations. - Ceanothus ferrisiae grows on dry
slopes in serpentine chaparral and valley and foothill grassland below 300 meters
(about 1,000 feet) (Munz and Keck 1959, Hickman 1993, California Natural
Diversity Data Base 1996). Rare species associated with Ceanothus ferrisiae
include the federally listed bay checkerspot butterfly (Euphydryas editha
bayensis) and Santa Clara Valley dudleya (Dudleya setchellii) as well as most
beautiful jewelflower (Streptanthus albidus ssp. peramoenus) and Mt. Hamilton
thistle (Cirsium fontinale var. campylon), two species of concern. It is also
associated with bigberry manzanita (4rctostaphylos glauca), California
coffeeberry (Rhamnus californica), California sagebrush (Artemisia californica),
common yarrow (Achillea millefolium), foothill pine (Pinus sabiniana), leather
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oak (Quercus durata), and toyon (Heteromeles arbutifolia) (Corelli 1991,
California Natural Diversity Data Base 1996).

4. Reasons for Decline and Threats to Survival

The existing populations of Ceanothus ferrisiae are threatened by residential
and recreational development, unauthorized dumping, landfill activities, lack of
natural recruitment (U.S. Fish and Wildlife Service 1995), altered fire regimes
(see above) (C. Schmidt, in lirt., 1996, 1998), grazing (California Natural
Diversity Data Base 1996), and stochastic (involving random or chance processes)
events (e.g. the Kirby Canyon fire) (K. Freas, in litt., 1993). The largest
population, consisting of approximately 5,000 plants, occurs near Anderson Dam,
partially on Santa Clara County Park property and partially on private property
(Corelli 1991). The Santa Clara Valley Water District has an easement for a small
area of the County’s portion of the Anderson Dam occurrence (California
Department of Fish and Game 1997a). Several dozen plants were removed when
the Santa Clara Valley Water District enlarged the spillway to Anderson Dam
(Santa Clara Valley Water District 1993). Two more plants were transplanted as a
result of emergency work on the spillway in January 1997 (C. Roessler, in litt.,
1997a, 1997b, C. Roessler, pers. comm., 1997). Ceanothus ferrisiae at the
Anderson Dam site is also threatened by grazing (California Natural Diversity
Data Base 1996, C. Schmidt, in litt., 1998) and unauthorized dumping of litter and
larger debris (Corelli 1991). Dumping can degrade or threaten a habitat by
directly killing the plants, depriving them of light, or disturbing the soil, thus
promoting erosion and invasion of weedy, competitive species (U.S. Fish and
Wildlife Service 1995).

The Kirby Canyon population which occurs 3.2 kilometers (2 miles) west of
Anderson Dam is on property leased and managed by Waste Management of
California, Inc. A portion of this population was proposed to be destroyed for
construction of sedimentation ponds as part of landfill activities (LSA Associates,
Inc., 1992), but that was not done, and there are no plans to do so (L. Aberbom,
pers. comm., 1996). This population is also threatened by cattle grazing and
dumping (California Natural Diversity Data Base 1996). The third population
(Llagas Avenue north of Morgan Hill), consisting of approximately 500 plants,
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occurs on private land (Corelli 1991, California Natural Diversity Data Base
1996). Although Ceanothus ferrisiae still exists at the site, a portion of the
occurrence had been developed as of April, 1997. A portion may be set-aside in a
city or county easement. When the site was last visited, the plants seemed to be
rather senescent and all of the same age class (California Department of Fish and
Game 1997a).

5. Conservation Efforts

Ceanothus ferrisiae was federally listed as endangered in 1995 (U.S. Fish and
Wildlife Service 1995); the species is not listed by the State of California
(California Natural Diversity Data Base 1996). Waste Management, Inc. and The
Nature Conservancy jointly funded the research conducted by Freas (above) on
Ceanothus ferrisiae. Ceanothus ferrisiae is relatively easy to propagate from seed
(Center for Conservation Biology 1990, K. Freas, in litt., 1993) and from tip
cuttings as well. The species may be propagated in nurseries (Hickman 1993,
Showers and Wiese 1995, C. Dye, pers. comm., 1996). Several large shrubs are
growing in the Tilden Botanic Garden (S. Edwards, pers. comm., 1996).

Both Waste Management and the Santa Clara Valley Water District have
experimented with the use of Ceanothus ferrisiae for revegetation projects (D.
Amshoff, pers. comm., 1997, K. Freas, pers. comm., 1996). Because no impact to
the species occurred as a result of their activities, Waste Management did not
initiate a larger-scale Ceanothus ferrisiae revegetation project (L. Aberbom, pers.
comm., 1996). However, the Santa Clara Valley Water District project was
launched in December, 1993, as mitigation for the enlargement of the spillway to
Anderson Dam (Santa Clara Valley Water District 1993). Santa Clara Valley
Water District continues to consider the presence of the species and contacted the
U.S. Fish and Wildlife Service in January, 1997, when emergency work along the
spillway was necessary. In the course of this work, they expected that two shrubs
would be removed (C. Roessler, in litt., 1997a). The two shrubs were
transplanted to a location approximately 6 meters (20 feet) away. In May, 1997,
the plants had been browsed, but no disease, insect damage, or vandalism were
evident (C. Roessler, in litt., 1997b).
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6. Recovery Strategy

Recovery of Ceanothus ferrisiae must first focus on protecting and managing
the four known occurrences (two at Anderson Dam, one at Kirby Canyon, and one
at Llagas Avenue north of Morgan Hill) by working with Santa Clara County,
Santa Clara Valley Water District, and private landowners to ensure the long-term
survival of the species on their lands. Populations on private land, particularly
that at Kirby Canyon, should be protected through land acquisition, conservation
easements, or other mechanisms. In general, the largest possible block of
serpentine habitat should be protected at each site. Protection should, at least,
involve securing the populations themselves as well as a 150-meter (500-foot)
buffer around each population, where possible, to reduce external influences and
allow expansion of populations. In addition, other unoccupied habitat at the sites
that might provide space for expansion of the populations and habitat for
pollinators and seed dispersers must be protected. Management plans
emphasizing Ceanothus ferrisiae and other special status species in these
locations must be developed and implemented. The plans should include
provisions for standardized monitoring of Ceanothus ferrisiae populations every 3
years to determine demographic trends. The plans should also include strategies
to minimize known threats at the sites as well as to identify new threats as they
may appear. In particular, threats from recreational activities, dumping and
landfill activities must be eliminated. Controlled buming should be considered,
especially at the Anderson Dam and Llagas Avenue sites (C. Schmidt, in litt.,
1998), if research shows that reproduction can be enhanced by fire. If new threats
are identified or other new information becomes available, management plans
need to be reevaluated and revised. Public education programs should be part of
any management plan for plants occurring on public land.

Another high priority in recovery efforts for Ceanothus ferrisiae is surveying
the possibly erroneous historic location in Croy Canyon. Surveys should also
include other potential serpentine habitat from which populations are not currently
known. For example, potential habitat exists in some areas east of Anderson
Reservoir (California Department of Fish and Game 1997a). Additional
populations would likely be new locations rather than relocations of former sites
(C. Schmidt, in lirr., 1998). If new populations are discovered, they should be
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protected and managed as discussed above. During these surveys, potential

introduction sites might also be identified.

Activities of lower priority in recovery efforts for Ceanothus ferrisiae include
seed collection and research. Collection and banking of seed in Center for Plant
Conservation certified botanic gardens is prudent to guard against extinction of
the species from chance catastrophic events and to provide potential material for
enhancement efforts in existing populations, repatriations, and/or introductions to
new sites. All known populations should be represented in seed collections. Care
should be taken to ensure that seed collection does not adversely affect the donor
populations. Important research questions include how grazing impacts the
reproduction, recruitment, and survival of the species, the role of fire in
reproduction of the species, and why so little recruitment is observed in natural
populations. In addition, demographic research to identify limiting life history
stages and research on reproduction should be conducted.

If the known populations of Ceanothus ferrisiae are (1) fully protected and
managed with the primary intention of preserving the populations in perpetuity,
(2) shown to be stable or increasing including evidence that natural recruitment is
occurring over a minimum of 30 years that include the normal precipitation cycle
(or longer depending on results of research on the role of fire in reproduction), (3)
seed collected from all natural populations is stored at a minimum of two Center
for Plant Conservation certified botanic gardens, and (4) reliable seed germination
and propagation techniques for the species are understood, the species should be
evaluated for downlisting to threatened. Until research shows otherwise, recovery
should target securing populations containing a minimum of 2,000 plants each
(but preferably more). The probability of population persistence over the long-
term is expected to be higher for larger populations because large size decreases
the likelihood of reduced viability or population extirpations due to random
demographic or genetic events (Barrett and Kohn 1991, Ellstrand and Elam 1993).

Ceanothus ferrisiae should not be considered for delisting unless eight
populations within its historic range and representing its entire historic range are
shown to meet the criteria above. Meeting this goal would require locating,
restoring, and/or successfully introducing four new populations. Because
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introduction of new populations is expensive and experimental (Falk er al. 1996),
surveying potential habitat to locate currently unknown populations is the
preferred strategy. However, Waste Management plans on major revegetation
work to mitigate for their landfill activities and coordination with them may make
introduction of new populations more feasible.

E. Fountain thistle (Cirsium fontinale var. fontinale)
1. Description and Taxonomy

Taxonomy. - Cirsium fontinale var. fontinale (fountain thistle) was first
described as Cricus fontinalis (Greene 1886a). In 1892, Greene reassigned the
plant to the genus Carduus (Greene 1892). Willis Jepson, in his Flora of Western
Middle California (1901), put the taxon in the genus Cirsium. In 1938, John

Thomas Howell described a close relative of the fountain thistle, Cirsium

fontinale var. obispoense (Chorro Creek bog thistle) (Howell 1938). According to
the rules for botanical nomenclature, when a new variety is described in a species
not previously divided into infraspecific taxa, a "type" variety is automatically
created (Lawrence 1951). In this case, the type variety is Cirsium fontinale var.

fontinale.

Description. - Cirsium fontinale var. fontinale (Figure 11-9) is an herbaceous
perennial of the aster family (Asteraceae) with several stout, erect reddish stems
30 to 60 centimeters (1 to 2 feet) high. The basal leaves are 10 to 20 centimeters
(4 to 8 inches) long with spine-tipped lobes; the leaves on the stems are smaller.
The flowers are dull white to pinkish, becoming brown with age (Munz and Keck
1959, Hickman 1993). The egg-shaped, recurved bracts beneath the flower head
of Cirsium fontinale var. fontinale distinguish it from the most similar thistle in
the area, brownie thistle (Cirsium quercetorum) (Niehaus 1977a). The nearest
relative of Cirsium fontinale var. fontinale is Cirsium fontinale var. obispoense
(Chorro Creek bog thistle), found further south, in San Luis Obispo County
(Howell 1938). The related Mt. Hamilton thistle (Cirsium fontinale var.

campylon), which grows in serpentine seeps l